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YII \V:IIIjI,,  S(II ril~~ plaswn  tIIIIablc color flllcr aml display ckwicc l’ap,c-?

A sulfacc  plasm on tuuab]c  color filt m’has bc.i])g  clcwlopc.d  in J 1)1,. It can rcplacx  the color

wlIccl  for projmtion  displays, and it can 1x2 cmployc.(1  i’o] a monochron)c  liquid crystal panel to

[Icllclatc.a  full color imap,c...,

‘Ihc SLIIRICC plasmon  hs [mm sludid  since tlIc 1960’s. t can h dcscrikd  as a c.ollcdiw

oscill:ltion  in electron density at Ihc intwfacc  ofa metal and a diclcduic,.  At surface. plaslnon

I cso IIa I~cc, tlIc  I cllectcd  Iiy,llt vanishes. ‘1’his Icsomrnw is Mud to as attenuated total I dlcdion,

and is dcpcndmt upon  Ihc diclccllic, constant of both the mclal  and the diclc.c.tricj.  lfan clcctro  -

optical  (1 ;()) IIIatcI  ial is used as the diclcdric and a vollaf,c  is applicxl to cjhanp,c Ihc sulpdcc

l)IasIIIc)I) I monancc col~dition,  the rcflcctcd  lip,ht  can h modulatd].  A surf am plasmo]l  last.I li[:h[

m(d[llatc)r with a co]ltl ast ratio ~,rc.atc.r  than 100:1 has km rqmr[d2.

1 f’ wc consider t hc surface plasmc)n lipjlt modulator in the frcqucmcy space, the plmt 011s at

SLII face l>laslIIoII rcsonal]m will bc abscrrbcd  and the }~l]ototls out of tllc rcsonanm  will bc totally

Icllcctcd.  I(’ a vollap,c is applid on the IIX) material, the iwlcx  of refraction of the 110 mate.l-ial will

clla II:J,c, the sLIIfacc plasmon  monanc,c  fiqucrq will chany,c,  thcrcfo]c the I cflcctiot]  spcctl LIII1

caI) I)c contl[)lld by the applied voltap,e, ami an dcct  I onimlly  tunable color filter is fbmcd~.

‘lhc cxlw[imc]]t setup of SLII face plasmon tunahlc  filter is slIowI  ill l;ip,, 1.1 lu c a SO nm

silvcl  was used as the nlctal  film and a 4~1 liquid crysttil  laycl was uscxi  as the 110 matwial, Whcm

a p-polarimd  white lif,l~l is incidcmt on the mc. tal/liquid  crystal intmkcc  thlou{’,h  Ihc col]pliilpj

III islll,  a SLIl face plasnmn \vavc  can bc cxcitd, tlm ])lmtons  i]] the surkcc plasmon  ]Csonancc  will

bc t~lli(’11  o~lt  fi on)  the rcflcctcd spcxtmln,  Whew a w)ltap,c is applied on the liquid q’s(al, the

ill(lcx ofll~c liql!i(l crystzIl )vill  c.llanpjc, Ihc sulfacc  plasIno]]  I csonancx will d)al]~’,c  an(l the color of

tl)c I cilc.ctcd Ii:,l)l  will cllaI)p,c.  ‘1’hc c.xpcvimm]tal  I csult is show in l;i:,. ?, hcwc Il)c dots aIc



.

“)”11  \\)ill}f),, Stll [; ICC })1:1S1))01) lIIII:II)lC  CC)lOI  flllCI [III(I disl)lay  CIC\’i CC. l’af,c-3

mpcril]lcnlal  data and the solid curves arc thcordical  calculations, \Vlm) a p-polal  izcxl white Iip,ht

lWIS incident 0]) this dcvicc  al z.cm vohflp)c,  the sulftdcc plaslnon  rc.sonancc was at 640 nm, the rd

COIOI-  ~vas absorbed an(l the rdlcded li~,ht Imkcd c.ytin.

I cs<)[laIIcc  Sllif’[cd to 56011111, p,rccm  color was absol bc.d

WhCI) a 1 ()-v voltage is applied, the

and rdlcctcd  li:,ht Iookcd  ma[~cnta. Whc II

tlw volt a:,c inu casd  to 30-V, lhc surfam plasmo]l  I csonancc shifts to 450 nm, b]uc  color was

al)sodml aIId Ihc rcllcclcd  Ii{)l]t  lookd ycllmv. ‘1’hc cx]m imcnt  Ila(i shown p,ood afl,l ccmcmt w i t h

t Ileol’)’,

\lTlWI)  a synll)lct]  ic stmcturc  is used as showII  l;ip,. 3, a vmy Ihil)  liquid crystal laym  is

sand tvicl)cd  I)y t\vo pris[ns }vith  metal coatin[],s on thclll, tlIc sul face p]asmo]]  wfivc  p,cllcl atd at

OIIC si(ic can bc coupled 10 the othc.r side, p,cmratc  almllm surf  am plasmon  wave, and ]c-radiate

tlw li<),hl Jvitl] the same fi-cqucmy.  ‘1’his is a bamipass filtcl, lfa voltap,c is applid 10 chan:,c the

i])(lcx oftl]c liq[lid CI ystal, lhc color ofthc bandpass  filtcl can be tuned by the volts:’,c,

l;i:,. 4 shows a thcordical  calculation of the sul I’acc plasmol)  Iul)al)lc  bandpass  filtm. \VIIcll

(IIC liquid  o ystal INIS fIn index chnp,c  dn fi om w 010 0.S, tl)c tI amnission  peak shif’[s  fImm 450

111)) 10 050 1)1)),

Si])cc sLIIfacc pla$moIl  is a suIfacc  cfl’m(,  only  a wry thin liquid cd ystal laym is ]cspot~siblc

to sLII1’acc  plasmon cxcilat  ion. It has km Icporlcd  Illat the slvitchi])pl  time of sLIIFdcc plasII)oII in

li(]~]id CI ys~al is two oldm of ma{),nitudc  fastcl  than tlIc switching time of hulk  liquid cd ystal. 11’or

tl)c SLII face plasmoII  tLIII:Il)lc IlotclI filter, 8 swilcl]in:,  time ofo.1 m has km obsmvcd.  l;OI

SLII (’am plasIno  Il Iunablc  bandpass  flltc], tk switcl)il)p,  time should bc cvm Pdstci-.

IIcil):, a Pdst sJvil chin:,  dcvicc,  and able to gcIIcl  atc field sequential red, :!I cm and blue

c[)lt)m, SLII faw plasluon  l~lnal~lc fil ler cai~ lx uscxi  fo] both  ptoicc[ion  and dilcct vim’



YII \\f;III!I,.  SHrl_:Icc  pl:IsIImn  tIIIMblC color filler and clisplay dcvicc l’ap,c-’l

displa}’ IIcviccs,  l;or a sinp,lc  panel prc)jcction  display, tllc sul”facc plasmofl  tullab]c filtcl’ Ml] b~

IISN1 to rcplam  the color whd to gcnmtc lhc fIcJd scqucnlial  red, grccll and blue colors  to shine

on ci(hcr  a liquid crystal  (iisp]ay  paw] m a di~ital Il]icl[)-]))i]lo]  dcvim 10 g,cncratc a color image.

‘1’hc application) of sutlicc plasmn tunable filter for a dirccl view display is show in I;ip,, 5,

itl]ilc lig>,ht f’om a linear lamp is collimatcci  by the cylindrical 101s, and is incicicmt  on a Surlldcc

plasIIlf)II  tunable filter; the lunablc  fihcr Scnmatcs a ficlci scqucntiat  I-cd, green and bhc colors,

tllcn shines on lhc reflector, Jvhich changes Ihc collimated lig,ht  into a difl’usd lig$l, and finally

rcachcs a lIl[JllOCJl}iC)IIlC liquid crystal display pad, ad this monochrome pad wn show a full

colc)r ima~’,c. Compare with the current color liquid cd ystal  (iisp]ay (icvicc.,  this (icvicc  has the

adv:IIItap,  cs as: the DuIHkt’ of pixels can bc Iduccxi 10 onc Ihirci, no tiny color flitm nmicxi  in

cacl I pixd, l]i$,h apCIILII-C ratio sinm lhc pixel is now Ihrcc times biftgcl, and rcducc  cost bccausc

lw f’ab]icalion  of a monochmlnc  liqui(i crystal panel is muck easier than a full color liqui(l crystal

)anci.
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